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Structural Analysis and Grouping of Inorganic Matter in Coal by ’Al NMR MQMAS Measurement

Yasuhiro ToBu, Koji KANEHASHI, Moriaki HATAKEYAMA and Koji SAITO

Synopsis : Structural analysis of inorganic matter in coal is very important, from the viewpoint of both geology and coal utilization. However, it is often

difficult to assign inorganic matter from common techniques such as XRD, because some inorganic matter, i.e. clay mineral, in coal has low

crystallinity.

On the other hand, solid-state NMR techniques are well suited for the analysis of noncrystalline solids such as inorganic matter in coal.

Several kinds of minerals were estimated from the percentage of tetrahedral Al species that was determined by 27A1 MAS NMR.

In this study, we successfully developed the method for characterization of 4 minerals (kaolin, montmorillonite, muscovite, and alumina)

in coal by virtue of the combination of a high magnetic field (16.4 T) and a MQMAS (Multiple Quantum Magic Angle Spinning) technique

that is capable of cancel the second-order quadrupolar broadening. As a result, the structure of the inorganic matter in 26 natural coals was

able to be identified. And 26 natural coals could be grouped into 6 groups according to 1-3 types of minerals combination.

Key words: inorganic matter in coal; NMR; 2’Al MQMAS.
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Table 1. Chemical compositions of a variety of Coals. content rate (mass%)

Coal C/mass %' Al/mass %"

Si/mass %"

A 67.9 1.57 2.10
B 63.0 5.51 7.71
C 66.0 0.76 0.31
D 88.0 3.69 4.11
E 53.6 1.53 191
F 91.3 3.42 3.79
G 90.3 2.13 2.21
H 91.0 3.40 3.27
1 84.8 3.76 2.73
J 90.6 2.39 2.70
K 97.2 2.54 4.20
L 90.3 2.62 523
M 89.4 3.26 3.76

Coal C/mass %' A/mass %" Si/mass %"
N 83.1 1.40 2.10
(¢] 84.3 2.67 3.99
P 77.0 2.05 3.60
Q 79.6 4.03 8.05
R 83.1 2.97 7.87
S 83.7 2.81 5.62
T 90.4 4.20 4.22
U 88.8 3.60 5.40
A\ 91.8 5.24 5.49
w 75.7 0.81 1.40
X 92.1 3.87 3.96
Y 90.2 2.41 2.67
Z 80.9 2.52 2.44

* dry asy free percent

b dry base percent
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Fig. 1. Pulse sequence and coherence transfer pathway di-
agram of 3QMAS.
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Fig. 2. ¥’ Al MAS NMR spectrum of 4 standard minerals.
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Fig. 3. Al 3QMAS spectrum of kaolin and montmoril-
lonite 6-coordination Al site.
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Fig. 5. ??Al 3QMAS spectra of Group A. Astarisc (*) de-
notes spining side band.
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Fig. 6. ’Al 3QMAS spectra of Group B. Astarisc (*) de-

notes spining side band.
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Fig. 7. Al 3QMAS spectra of Group C. Astarisc (*) de-
notes spining side band.
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Fig. 8. Al 3QMAS spectra of Group D. Astarisc (*) de-
notes spining side band. .
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Fig. 9. Al 3QMAS spectra of Group E. Astarisc (*) de-
notes spining side band.

(5) Group E (Fig. 9), Group F (Fig.10)

Group E & Group F &% 121 Group B & 7213 Group C D
Frfucma, oM +SmERE 3 a7 L I FREORE
SHABBA SN, FESRE,»SHHEEINDS -7 L 3
FTOEERIBFARIZE > TRE > Tz,

BT N2 F A 7= A ¢ vh D SRR, O3 1 4 R O R HE - R O
SEARLT LI =0 AZK o> TERTHENIRET, ZOMA
HOHIIEFIRENTH - 7228, tBOTIRE2HET S Z
ETHEIMALGDE B TN S WREIER I AT
%,

ARPOBBEYEIIICE & 2RPICER LT 7285
D, RO S5 @ZA D 5 OIXERIERFHSRA L 22 WE
THHLEAONTNEY, FENTWEEMEIZON
THE LD B DB 5 FR2220F 5 & HiRE
HORRERR, FBHOLEOEL 22 Z L8k 3,
K LSO THBEBIL A EAZ OB HF Y Y TH
D, SROMERMBIZF N TRE ZOREREETHL T
7= Group AT, BIRDERBGRRIZE T, LESRBALL
%, Z<OFEAEEBLEALL R TH 5 LFHHETRET
H%, TVEYUF A4 FOERITIZTEROA & L RE S
HELTWREEZONTED, 72, Ktiio mibE
FECIR RO TH 5 Z L 2 5, Group CHHODE

110

N I\
/ \ WAy \\
|
s 0 L
(=% e
£ & |
g 9 /
= i
(75} i
2
Q.
g 50
2
- i
< -
o =
i
50 0

Al MAS Shift / ppm

Fig. 10. Al 3QMAS spectra of Group F. Astarisc (*) de-

notes spining side band.
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